Various centres are working to establish a method to myocardium of dogs which have had experimentally estimate the size of a myocardial infarction. ST produced myocardial infarction. Since the radiosegment mapping (Maroko et al., 1972) and nuclide accumulates in the necrotic area, it shows determination of the isoenzymes of creatine the lesion as an area of increased radioactivity, or phosphokinase (Sobel et al., 1972) are two currently as a hot spot. used investigative tools.
In order to assess the clinical applicability of this Recently, some workers have found that it is new test, the following study was designed. possible to use radioactive materials to detect the infarcted area (Gorten et al., 1966; Hubner, 1970) .
Subjects and methods Further a radio indicator sequestered by acute infarcted myocardium would also allow an estimation Forty-six patients were studied, 11 of whom had no of the size of the infarction. Most of the techniques cardiac disease. The patients presented with chest used in the past depended on failure ofthe ischaemic pain and scintigrams were performed to rule out a myocardium to take up the radionuclide, with a myocardial infarction. Twenty-two patients had an resultant negative image or a 'cold area'. Caesium-acute myocardial infarction with typical history, 129 (Romhilt et al., 1973) , caesium-131 (Carr et al., electrocardiogram , and enzyme changes. Seven had 1964), caesium-134 (Chandra et al., 1973) , subendocardial infarction and the remaining 15 a rubidium-81 (Martin et al., 1974) , nitrogen-13 transmural infarction. The age of these 22 patients (Harper et al., 1973) (Fig. 1) .
Polaroid format and a 35 mm format. The 35 mm The patients with stable arteriosclerotic heart format is favoured since the areas of increased disease were studied 2 to 20 days after the onset of activity are more dramatically portrayed.
symptoms (mean 8-6 days). All but one of these The patients suspected of having an acute patients had studies which showed faint, ill-defined myocardial infarction were accompanied to the activity, primarily in the anterior or inferior aspect Nuclear Medicine Laboratory with appropriate of the left ventricle (Fig. 2) . The acute myocardial resuscitators, life support equipment, monitors, and infarction patients had images obtained 2 to 18 days in the presence of a trained intensive care unit nurse, after the onset of the infarct (mean 6 1 days). All medical resident, and intern. No patient was these patients had intense, focal, well-defined examined if the clinical condition was not considered increased activity in the region corresponding to the stable by the cardiology group. The patient was not electrocardiographic localization of the infarction. transferred from the stretcher for the examination, A typical 'C' shaped zone of intense activity was seen and it was not necessary to move the patient's body. in the anterior wall myocardial infarctions ( Fig. 3) The only necessary movement was to allow the and a plate-like zone of increased activity was seen in patient's left arm to be extended above shoulder the inferior wall myocardial infarction (Fig. 4) . level while he lay supine. The arm was supported in Seven of the patients with an acute myocardial (Table 4) had repeat scintigrams perThree patients showed an increase in activity and formed 14 to 32 days after the initial onset of a larger area of involvement. These patients also symptoms (mean 22 days). Four of these follow-up had clinical evidence of extension based on a new studies showed less activity in the myocardium than bout of chest pain, an increase in enzymes, and the initial scintigrams. In these patients the enzymes characteristic electrocardiographic abnormalities had returned to normal values and the electro- (Fig. 5 and 6 Subsequently the same group performed myoThese authors suggested that with myocardial cell cardial scans on 15 patients with acute myocardial death there was a cellular influx of calcium ions infarction (Parkey et al., 1974) . Thirteen patients which localized within the mitochondria in the had scans 3 to 7 days after the infarction and these crystalling structure hydroxyapatite. Since 99 mTc-were strongly positive in the regions corresponding stannous pyrophosphate labels hydroxyapatite for to the electrocardiographic localization of the inbone scn g, this isotope can also image fresh farction. The remaining 2 patients were scanned myocardial infarctions on the basis of the hydroxy-more than 9 days after the infarction and their scans apatite content. Other possible mechanisms in-were negative. They also studied 2 patients with group.bmj.com on June 21, 2017 -Published by http://heart.bmj.com/ Downloaded from Technetium-99m stannous polyphosphate 749 stable arteriosclerotic heart disease and found myocardial infarction while a plate-like zone of questionable activity in their scintigrams. activity was found in the inferior wall myocardial Our present study supports and extends these infarction. Normal individuals show no cardiac observations. An acute myocardial infarction can be activity. However, patients with stable arteriodetected as early as 2 days and as late as 10 days after sclerotic heart disease do show faint ill-defined the infarction. Two patients in our study had cardiac activity in the anterior or inferior aspect of positive scans 11 and 18 days after the onset of the left ventricle. The exact reason that these symptoms. However, they also had the highest CK scintigrams were faintly positive in these patients is values, which may explain the persistent activity. uncertain, but several possibilities deserve mention. The myocardial activity is localized in the areas The positive scintigrams might indicate that there corresponding to the electrocardiographic abnor-is a continual loss of small diffuse amounts of malities. Further, a characteristic 'C' shape zone of myocardial tissue caused by repeated bouts of intensive activity was found in the anterior wall myocardial ischaemia, or there may have been a e:)~~~~~~~1: myocardial infarction in the distant past. However, irreversibly damaged cells may also label with it is very easy to separate the acute myocardial in-technetium-99m pyrophosphate. farction with the focal intense activity from the Bonte and his associates used technetium-99m minimal, non-focal cardiac activity seen in the stable stannous pyrophosphate for their studies. This agent arteriosclerotic patients.
is now limited to investigational use, while the Willerson et al. (1975) also administered 99mTc-stannous polyphosphate is widely available. technetium-99m stannous pyrophosphate to 17 Both agents appear to give diagnostic scintigrams patients with electrocardiographic and enzymatic 60 minutes after the injection of the radionuclide. evidence of an acute subendocardial myocardial Further studies will be required to assess the infarction. In each patient the scintigrams were relative merits of these two agents. positive. However, it was not possible accurately to
This new imaging technique can help to dislocalize the area of myocardial damage in many of tinguish between an acute myocardial infarction and their patients. This is in contrast to the ability to other conditions that cause chest pain. It may assist localize fairly precisely the area of damage in the surgeon by delineating precisely the area of transmural myocardial infarctions.
damaged myocardium that may require operative Botvinick et al. (1975) produced infarctions in 6 intervention. It can detect an extension of the closed chest dogs. Scintiphotographs were taken 48 myocardial infarction. Most importantly, these tests hours after the occlusion using technetium-99m can be carried out without danger or discomfort pyrophosphate. Clear images of the infarction were to the critically ill patient. Particularly if the inobtained which correlated well with electrocardio-stitution is equipped with mobile scintillation graphic localization. The animals were sacrificed cameras. The tracer is safe, inexpensive, and almost and significant radioactivity was found only in universally available. regions of histologically confirmed infarction.
Tetracycline labelled with SSmTc can also detect Further the isotope localized specifically in areas a myocardial infarction as a 'hot' spot (Holman of infarcted myocardium in amounts proportional et al., 1974) . However, the optimal time for the to the degree of CK depletion. The authors con-scintiscan study using tetracycline labelled radiocluded that these data provide strong support for the nuclide is one to three days after the onset of chest clinical application of this technique in the de-pain. After three days little or np cardiac activity is tection and quantification of acute myocardial observed. This contrasts with the 99mTc polyphosinfarction.
phate studies. Positive scans can be obtained more Willerson et al. (1975) have also subsequently re-than two weeks after the infarction. Further, the ported in a larger series of patients that infarct size tetracycline labelled radionuclide produces a high can be estimated from technetium-99m stannous uptake in the liver, resulting in difficulty in sizing pyrophosphate scintigrams. These authors are still diaphragmatic infarcts. Other radionuclides are not certain that some ischaemic but not necessarily currently being investigated. Technetium-99m 
